in 15 brain structures. The neocortical, hippocampal, and striatal concentrations of labile phosphates, lactate, py ruvate, phosphocreatine, glucose, and glycogen were measured 5 min after cardiac arrest. Extensive energy failure and elevation of lactate levels were observed and were similar to earlier reported values. One week fol lowing recovery from the ischemic insult, the animals were perfusion-fixed with formaldehyde. The brains were embedded in paraffin, sub serially sectioned, and stained with cresyl violet/acid fuchsin. Histopathological changes were assessed by light microscopy as the number of aci dophilic or pyknotic neurons. Morphological changes were observed in the hilus of the dentate gyrus, the hip pocampal CAl and subicular regions, the dorsal and lat eral septum, the olfactory tubercle, the primary olfactory cortex, the entorhinal cortex, the amygdaloid nuclei, and the reticular nucleus of the thalamus. The distribution of the morphological changes suggests a transsynaptic mechanism, causing neuronal necrosis primarily in the limbic brain areas.
Summary: A model is described in which transient com plete cerebral ischemia is induced in rats by intracardiac injection of potassium chloride. The animals were intu bated and mechanically ventilated with a nitrous oxide/ oxygen (70:30) mixture. Cardiac arrest was achieved fol lowing a brief period of ventricular fibrillation. After 5-6 min, the circulation was restored by cardiopulmonary resuscitation and partial exchange transfusion. Local CBF (LCBF) during ischemia and cardiac resuscitation was studied by injection of [ 14 Cliodoantipyrine into the right auricle at various periods during cardiac arrest, and was subsequently analyzed by autoradiography. No ra dioactive tracer could be visualized in any brain struc ture, demonstrating the absence of CBF during the car diac standstill. LCBF was also studied at 5 min and 6.5 h after cardiac resuscitation. Five minutes of recircula tion showed an increase in blood flow in all brain struc tures studied, ranging between 130 and 400% of control values. After 6.5 h of recirculation, the CBF was de creased in 13 of 24 brain structures by 20-50%, concom itantly with the depressed rate of glucose utilization found Studies of long-term recovery following cerebral ischemia in experimental animals have shown that the final neuronal damage may require many hours or even days to "mature," and that the evolution of irreversible injury can be preceded by a free in terval of many hours during which morphological changes are still subtle or absent (Ito et aI. , 1975; Kirino, 1982; Pulsinelli et aI., 1982a) . Models of re versible incomplete cerebral ischemia for small an imals allowing long-term survival have been de scribed (Ito et aI. , 1975; Pulsinelli and Brierley, 1979; Smith et aI. , 1984a) .
Several animal models of complete ischemia al-lowing for postinsult recovery have been reported (Kabat and Dennis, 1938; Grenell, 1946; Miller and Myer, 1970; Marshall et aI., 1975; Hossmann et aI., 1976; Safar et aI. , 1976; Nemoto et aI. , 1977; Si emkowicz and Hansen, 1978; Jackson and Dole, 1979) . These models require either extensive sur gery or devices unsuitable for small laboratory an imals. In some of the models, a vasopressor drug is needed to restore postischemic blood pressure, and in other models intensive care treatment during recovery is required. A small animal model for studies of brain damage following total circulatory arrest is warranted when the effect of residual blood flow during ischemia is to be avoided. Furthermore, in such a model, no difference between the damage incurred in the two hemispheres can be expected, owing to the obvious homogeneous decrease in blood flow. The model is thus suitable for use in studies where one hemi-sphere is subjected to certain manipulations and the contralateral is used as a control.
The aim of the present report is to present a rat model of reversible complete cerebral ischemia, in duced by cardiac arrest, and allowing long-term re covery. The model, however, is validated by studies of the CBF and metabolism during and following ischemia, and the distribution and the density of neuronal necrosis following 1 week of recovery are assessed. In view of the specific distribution of the neuronal necrosis, the mechanisms of ischemic neu ronal damage will be discussed.
MATERIALS AND METHODS

Animals
All experiments were performed on male Wistar S.P.E strain rats (325-4 15 g) (M¢llegaard's Av lslaboratorium, Copenhagen, Denmark). The animals had free access to food pellets (Astra-Ewos, Sodertalje, Sweden) and tap water until the operation. A total of 67 animals were used in this study.
Chemicals
Suxamethonium chloride ( 
Operative and sampling techniques
Following induction of anesthesia with 3.5% halothane in a NPI02 (2: 1) gas mixture in a jar, the animals were orotracheally intubated with plastic tube (outer diameter 2.4 1 mm), ventilated on a Starling-type respirator (Braun, Melsungen, ER.G.), and paralyzed with suxamethonium chloride 3 mg' kg-I i.v. (supplement doses were given every 15-20 min prior to ischemia). Halothane was de creased to 0.7%. A silicon catheter was inserted into the right external jugular vein and advanced to the level of the right atrium. The tail artery and one tail vein were cannulated. Two needle electrodes were inserted into the levator auris muscles for EEG recording (Siemens Elema, Stockholm, Sweden). Body temperature, as measured in the rectum, was kept close to 3rC by means of a 60-W bulb.
Upon completion of the surgical procedure, the halo thane supply was discontinued and the ventilation (70% N20 in 02) was adjusted to give Pao2 and Paco2 values of � 100 and 35-40 mm Hg, respectively. The animals were allowed a steady-state period of � 30 min before the in duction of ischemia.
Prior to the sampling of blood for the first blood gas analysis (Eschweiler & Co., Kiel, ER.G.), measurement of pH (Radiometer, Copenhagen, Denmark), and com mencement of continuous blood pressure monitoring (Siemens Elema, Stockholm, Sweden), heparin 50 IU i.v. was given and 1-2 drops of blood was frozen at -80°C for later determination of blood glucose by the fluoro metric hexokinase method.
Induction of ischemia
Potassium chloride was diluted with Krebs-Hensleit so lution to give a concentration of 0.5 M. About 10 ml ar terial blood was obtained from a rat donor and kept in a glass syringe at 38°C by immersion in a constant-temper ature water bath. One milliliter per kilogram of KCl so lution was injected into the heart via the central vein cath eter, and the respirator was turned off. Two minutes fol lowing the KCl injection, 5-7 ml of blood was withdrawn from the central vein catheter line, and at 3.5 min the respirator was turned on with a Fp2 of 1 and an increased tidal volume. Donor blood (5 ml) was given via the central vein catheter line, and external cardiac compression was performed by compressing the midthoracic cage between two fingertips. Simultaneously 1 ml 0.6 M NaHC03 was slowly infused intravenously. After � 1.5 min, sponta neous cardiac activity was observed. Cardiac output was further enhanced by tilting the operating table to 45° Tr en delenberg position. Most animals regained a blood pres sure of 80 mm Hg 1.5-2 min from the start of cardiopul monary resuscitation. If blood pressure did not increase fast enough, additional blood (1-2 ml) was transfused, and the excess volume subsequently withdrawn after sta bilization of the blood pressure. After cardiopulmonary resuscitation, no further N20 was added to the inspired gas mixture.
Measurement of local CBF and local CMR g l Local CBF (LCBF) was measured with the autoradio graphic [ 14 C]iodoantipyrine technique of Sakurada et al. (1978) [for details of the procedure used in our laboratory, see Abdul-Rahman et al. (1979) and Ingvar et al. (198 1) ]. The local CMR g l (LCMR g ) was measured according to the [ 14 C] 2-deoxyglucose method of Sokoloff et al. (1977) . The value of the lumped constant reported for normal, conscious rats (0.483) was used for the calculation ac cording to the equation described by the authors.
Biochemical analysis
Following 5 min of cardiac arrest and resuscitation, brains were frozen in situ (ponten et al., 1973) , chiseled out during constant irrigation with liquid nitrogen, and stored at -80°C until further processing. The brains were allowed to reach a temperature of -22°C, and samples from the parietal cortex, caudoputamen, and dorsal and ventral hippocampi were dissected out. In one group of animals, the brains were frozen after 5 min of cardiac arrest without cardiopulmonary resuscitation. In this group, the hippocampal tissue was sampled.
The tissue was extracted with HCI/methanol at -22°C and subsequently with perchloric acid at O°c. The con tents of glycogen, glucose, pyruvate, lactate, phospho creatine (P Cr), ATP, ADP, and AMP were measured with the enzymatic fluorometric techniques of Lowry and Pas sonneau (1972) as described by Folbergrova et al. (1972a,b) .
Histopathological analysis
One week after recovery, the animals were reanesthe tized with 0.8% halothane, tracheotomized, and venti lated on a respirator. Heparin 90 IU was injected into the left ventricle, and the brain was perfusion-fixed via the ascending aorta with 4% formaldehyde buffered to pH 7.35, preceded by a 30-s rinse with saline. Both so lutions were prewarmed to 37°C and infused at a pressure of 135 mm Hg. The following day, the brains were dis sected out and subsequently stored in cold fixative. The brains were cut coronally into 2.8-mm-thick slices and dehydrated in graded strengths of ethanol over 2 days. Following clearing in xylol and embedding in paraffin, they were sub serially sectioned at 8 J.1m on a Reichert sledge microtome and stained with cresyl violet and acid fuchsin.
Quantification of necrotic neurons was performed by direct visual counting of acidophilic neurons (pink or red) at a magnification of x 320, using a two-channel labora tory cell counter (Clay Adams, Parsippany, NJ, U.S.A.). The acidophilic neurons were considered irreversibly damaged, since they have been consistently found to un dergo cytolysis and removal from tissue (Auer et aI., 1984b) . The neuronal damage in the dorsal hippocampus was quantified at four levels [levels 2-5; for details see Auer et al. (l984a)] as acidophilic neurons as a percentage of the total neuronal population in the corresponding levels.
Experimental groups
The investigation consisted of four experimental series. Series J. The brains of these animals were used for biochemical analysis. The series consisted of one con trol group (n = 5), one group with cardiac arrest and cardiopulmonary resuscitation (n = 7), and one group with cardiac arrest without cardiopulmonary resuscita tion (n = 4).
Series 2. These animals were used in the study of LCBF. The animals in the control group (n = 5) were surgically manipulated in the same way as those sub jected to ischemia, with the exception of the induction of ischemia. Following the operative procedure, the animals were allowed to recover from anesthesia and subse quently extubated. After 1 h, the CBF experiment was performed. Three other groups were formed: (a) study of residual flow during ischemia (n = 6); (b) study of LCBF 5 min following the start of recirculation (n = 5); and (c) study of LCBF 6.5 h following recirculation (n = 4).
Series 3. In this series, animals used for LCMR g l were included. The series consisted of a control group (n = 4) and one group (n = 4) studied 6 h following the start of recirculation. In both groups, the animals were awake and breathing air.
Series 4. Seven animals were included in this series, which was used for histopathological evaluation of the brains 1 week following the ischemic insult.
Statistics
Statistical differences from control were calculated with Student's t test.
RESULTS
Physiological variables of the animals
Ta ble 1 summarizes the physiological variables of the different experimental series. MABP was main tained between 110 and 150 mm Hg. The main sig nificant differences between the postischemic groups and the control group were the following: 1985 At 5, 15, and 45 min of recirculation, the Pao2 was increased owing to the increased Fjo2 of the in spired gases. Mild hypocapnia was observed at 45 min of recirculation, and at 5 and 15 min postisch emia, blood glucose concentrations were elevated.
Blood pressure, EEG activity, and behavior during and fo llowing ischemia Figure I shows a representative example of the changes in arterial blood pressure and EEG re cording during an experiment of KCl-induced car diac arrest with subsequent resuscitation. Fol lowing an injection of KCl, the blood pressure fell instantaneously, and the EEG was isoelectric within 15 s. Cardiac activity showed a ventricular fibril lation pattern that preceded asystole or extreme bradycardia. After 3. 5 min, external cardiac com pression was commenced. Effective cardiac output and a blood pressure of 80 mm Hg were achieved 1. 5-2 min after cardiac resuscitation started and subsequently rose to preischemic levels. The isch emic period was defined as the time between the onset of ventricular fibrillation with isoelectric EEG to the point at which the blood pressure was re stored to at least 80 mm Hg. Cardiac arrest with successful cardiopulmonary resuscitation was per formed in 34 animals. The mean ischemic time was 5. 9 ± 0. 22 min. In four animals, the ischemic time exceeded 7 min; these animals were excluded from the study. Another three animals died within 24 h after extubation, owing to upper respiratory tract obstruction. In the laboratory, we have used this model in 66 animals, of which 10 failed to respond to cardiopulmonary resuscitation within 7 min. In termittent slow-wave EEG activity appeared 15 min following resuscitation and remained slow for at least 6 h. The animals resumed spontaneous breathing after 40 min, but were kept ventilated with Fjo2 between 0. 5 and 0. 7 until extubation. The mean extubation time was 87 ± 5 min after resus citation. After extubation, the animals soon re gained righting reflexes, but remained stuporous and reacted only to deep pain stimuli. For the first 6 h of recirculation, all animals were unable to move their hindlimbs, which were in spastic extension po sition. The first night following cardiac resuscita tion, all animals received oxygen through a tube positioned above the head. Recovery occurred gradually, and the animals could drink sponta neously after 24 h, with a tendency for hyperexcit ability on handling. No other neurological abnor mality was observed during the week following the insult.
All animals lost weight during the recovery week, and none regained its preexperimental weight. The 36.8 ± 0.6 120 ± 5 38.7 ± I 97 ± 5 7.46 ± 0.02
Experimental groups: (I) biochemical analysis-(a) cardiac arrest with cardiopulmonary resuscitation, (b) cardiac arrest without cardiopulmonary resuscitation; (2) LCBF-(a) during ischemia, (b) at 5 min of recirculation, (c) at 6.5 h of recirculation; (3) LCMR g 1; (4) histopathological analysis I week after ischemia. All values are means ± SEM. n = no. of animals. mean maximal weight loss was 12% and occurred between the third and fourth day of recovery. Figure 2 shows four representative autoradi ograms at the level of the dorsal hippocampus in three experimental animals and a control at dif ferent times during cardiac arrest and resuscitation. Figure 2a demonstrates the distribution of radio active tracer in a control animal brain used for LCBF measurements. Figure 2b shows an autora diogram of a brain from an animal that received intracardiac [ 14 C]iodoantipyrine (60 /-LCi . kg-I ) im mediately after cardiac arrest, followed by exsan guination and decapitation at 3. 5 min. No isotope could be visualized in any brain structure. To test for any possible blood flow to the brain due to trans fusion of blood directly into the right auricle, [ 14 C]iodoantipyrine was injected in the central vein catheter directly after KCl injection. Blood was withdrawn 2 min after cardiac arrest, and reper fused at 3. 5 min. No cardiac massage was per formed and the animal was decapitated at the end of reperfusion. The autoradiogram (Fig. 2c) indi cates traces of isotope at the surface of the brain, but no isotope in other brain structures. In a fourth set of experiments, intracardiac [ l 4 C]iodoantipyrine was injected after blood transfusion but before car diac massage commenced. After cardiac compres sion for 1. 5 min, the animals were decapitated. As demonstrated in Fig. 2d , isotope could be visualized only at the surface of the brain.
CBF during cardiac arrest and resuscitation
LCBF during recirculation
LCBF values as a percentage of control at 5 min and 6. 5 h of recirculation are shown in Fig. 3 . The measurements were performed at 5 min after car diac activity was resumed, and thus � 3.5 min after the restoration to preischemic blood pressure. In all 24 brain structures investigated (17 shown), an in crease in blood flow of variable magnitude (130-400%) was observed. Following 6.5 h of recircula tion, 13 structures showed a statistically significant decrease in blood flow in comparison with the con trol group.
LCMR g l during recirculation
LCMR g l was determined following 6 h of recir culation (Fig. 4) . In 15 of 24 brain structures, the glucose consumption was significantly depressed to 50-80% of control values. The correlation between the LCMR g l and LCBF before and 6.5 h following ischemia is shown in Fig. 5 . A highly significant correlation was obtained in both the control and ischemic groups. No significant difference between the correlation coefficients of the two graphs was noted.
Concentrations of labile phosphate compounds and glycolytic metabolites
Ta ble 2 shows the concentrations of labile organic phosphates, the energy charge, and the levels of glycolytic metabolites in the neocortex, the dorsal and ventral hippocampi, and the caudoputamen in the control and the experimental groups. Five min utes of cardiac arrest, including 1.5 min of cardio pulmonary resuscitation, caused a marked decrease in energy charge, ATP and PCr levels, and an in crease of lactate levels. The changes in the levels of the measured metabolites were of similar mag nitude in the different brain structures. In brains subjected to 5 min of cardiac arrest without resus citation, the levels of hippocampal energy metabo lites were not significantly different from those in animals that underwent cardiopulmonary resusci tation. 
Histological findings
The distribution of acidophilic and pyknotic neu rons in seven animals in the present model is shown in Fig. 6 . Acidophilic neurons were found in the olfactory cortex, the olfactory tubercle, the ento rhinal cortex, the amygdala, the hilus of the dentate gyrus, the CAl and subicular regions of the dorsal hippocampus, and the reticular nucleus of the thal amus, whereas numerous pyknotic neurons were found in the dorsal and lateral septum. No morpho logical change was observed in the cerebellum. Ta ble 3 shows the density of neuronal necrosis in the hippocampus. In the subiculum and the CAl region, 71 and 48%, respectively, of all neurons were acidophilic. In all animals, numerous acido philic neurons were found in the hilus of the dentate gyrus, both in the dorsal (Fig. 7a ) and ventral parts of the hippocampus. At the border of the dentate gyrus granule cell layer and the hilus proper, a few pyknotic neurons were observed in some animals. In the CAl region, there was a spatial gradient of necrotic neurons, most severe at the subicular end, with decreasing severity toward the CA3 border. The dorsal hippocampus showed the highest density of neuronal necrosis (Fig. 7b) , whereas the ventral part showed but a few necrotic neurons. The py ramidal neurons of the CA3 region and granule cells of the dentate gyrus were completely spared. The distribution and density of neuronal necrosis were symmetrical in both hemispheres. Numerous aci dophilic neurons were seen in the reticular nucleus of the thalamus. In the lateral septum, pyknotic neurons with dark, acidophilic somata and dendritic extensions were seen (Fig. 7c ). Acidophilic and pyknotic neurons were noted in the primary olfac tory cortex, the entorhinal cortex, and the amyg daloid nuclei. In two animals, acidophilic neurons were observed in the olfactory tubercle.
DISCDSSION
Cardiac arrest model
The present cardiac arrest model offers several advantages. First, it is conducted on rats with min imal surgical intervention, making it attractive in terms of time and cost. Second, no pharmacological support is required to restore postischemic cardio vascular function, and postischemic cardiopulmo nary complications are minimal. Third, the density of brain damage is relatively consistent and shows no interhemispheric heterogeneity. This is partic-ularly important when the model is used for studies of the effects of pharmacological or surgical manip ulations of the brain (Wieloch et aI., 1985) . Fourth, the absence of CBF during the insult eliminates the residual blood flow during ischemia as a modulatory factor of the final brain damage.
The main shortcoming of this model is the limi tation of the ischemic period to be studied (max imum 7 min); an ischemic insult of predetermined duration cannot be achieved. Furthermore, nitrous oxide and a short-acting muscle relaxant were em ployed before the induction of the ischemia.
A critical factor in the present model is the va lidity of the absence of cerebral perfusion during the period of ventricular fibrillation, blood transfu sion, and/or cardiac compression. Our findings failed to show the presence of radioactive tracer in the brain when administered before these events, demonstrating a lack of cerebral circulation. These results are in contrast to those obtained in dog ex periments (Niemann, 1984) , where regional blood flow up to 30% of control values was obtained with a closed-chest cardiopulmonary resuscitation tech- nique. The tracer observed at the surface of the brain could be due to venous backflow via the jug ular vein owing to increased pressure in the right side of the heart. The lack of functional CBF was further supported by the levels of brain energy me tabolites following 5 min of cardiac arrest with 1. 5 min of cardiac compression; these showed a de crease of ATP level to <8% of control values, and an increase of lactate level to �800% of the control levels in both dorsal and ventral brain areas. These values were similar to those obtained following 5 min of complete cardiac standstill with neither blood transfusion nor cardiac compression, and were also in good agreement with earlier results re ported using other complete ischemia models (Ljunggren et ai. , 1974) .
CBF and metabolism in the recirculation phase
The phenomenon of "no reflow" (Ames et ai. , 1968; Ginsberg and Mayers, 1972; Wade et aI. , 1975; Lin and Kormano, 1977) was not observed in the present cardiac arrest model, possibly owing to the brief period of ischemia and the rapid restora tion of the perfusion pressure at the end of the insult (Fischer et aI. , 1979; Kagstrom et aI., 1983) . In stead, the postischemic LCBF was characterized by a "reactive hyperemia" at 5 min of recirculation, Vol. 5, No. 3, 1985 with an increase of LCBF by � 130-400% in var ious brain structures.
A postischemic decrease in LCBF was observed 6. 5 h following the start of the recirculation. This was significant in the majority of the structures, and in some structures amounted to 50% of control values. This could probably be explained by the significantly depressed glucose utilization in several brain structures as measured by the 2-deoxyglucose method. Thus, at this time of recirculation, the de crease in blood flow was highly correlated to a de crease in cerebral glucose utilization, indicating a persisting coupling between blood flow and metab olism.
Histopathological findings
Regional selective neuronal necrosis following cerebral ischemia has been extensively studied in rat and gerbil models, allowing long periods of re covery. The most prominent feature of the distri bution and density of neuronal necrosis following short periods of ischemia is the extensive damage in the hilus of the dentate gyrus, the hippocampal CAl sector, and the subiculum (Ito et aI. , 1975; Diemer and Siemkowicz, 1981; Kirino, 1982; Pul sinelli et ai. , 1982a) . In addition, incomplete fore brain ischemia induced neuronal necrosis in the neocortex (layer III-IV), the lateral septum, and the reticular nucleus of the thalamus (Smith et al., 1984b) . In the present model, extensive neuronal necrosis was observed in similar areas with the ex ception of the neocortex. The difference may be due to the more severe degree of lactic acidosis in incomplete ischemia. The general distribution of brain damage fo l lowing 5-6 min of cardiac arrest in the rat is char acterized by selective neuronal necrosis in the limbic brain areas. This indicates that the ischemic insults to the neurons might be amplified by post ischemic limbic system seizures aggravating the brain damage (Collins et al.. 1983) . A similar dis tribution of damage was observed fo llowing sus tained perforant path stimulation (Sloviter and Sloviter, 1983) . In an earlier study using this model, we fo und that transection of the perforant path ameliorated the neuronal necrosis in the CAl region . Another fe ature of the neuronal damage is the specific insult to potential l'-aminobutyric acid (GABA)-ergic neurons, such as in the lateral septum (Panula et al., 1984) , the reticular nucleus of the thalamus (Houser et al., 1980) , and the hilar region of the hippocampus (Ribak and Anderson, 1980) . The damage to GABAergic interneurons might further aggravate postischemic neuronal damage caused by an increase of the excitatory stress on the neurons, by decreasing inhibitory tonus (Ribak and Reffenstein, 1982; Buszei ki, 1984) .
Damiano
The distribution of neuronal damage in the hip- pocampus is confined to the subicular, CAl ' and hilar regions of the dentate gyrus, while the CA3 region is completely spared. No correlation be tween postischemic hypoperfusion after 6. 5 h and this regional distribution of neuronal necrosis has been reported (Pulsinelli et aI., 1982b; Suzuki et al. , 1983 ; see also Kirino, 1982) , suggesting that these vulnerable neurons possess particular molecular properties making them prone to an ischemic insult. The distribution of certain transmitter receptors in the selectively vulnerable neurons are particularly striking [for review, see Wieloch (1985) ]. Thus, the CAl and subiculum (and also the dorsolateral septum) have a high density of excitatory gluta matergic quisqualate and N-methyl-D-aspartate re ceptors (Monaghan et aI., 1983 (Monaghan et aI., , 1985 . The acidic Values are means ± SD, given as percentages of the total neuronal counts from hippocampus levels 2-5. a 5.6 ± 0. 3 min of cardiac arrest (n = 7) .
J Cereb Blood Flow Metabol, Vol. 5, No. 3, 1985 amino acids and compounds such as quinolinic acid acting via the glutamatergic receptors are neuro toxic in high concentration, and might be the extra cellular mediators of neuronal necrosis following ischemia (Jorgensen and Diemer, 1982; Rothman, 1984; Simon et aI., 1984; Wieloch et aI., 1985) . Fur thermore, these areas also contain a higher density of adenosine A I -receptors known to mediate the in hibitory and antiepileptic action of adenosine (Schubert et aI., 1979; Lee et aI., 1985) . A decrease in the levels of adenosine in the postischemic period might further enhance the deleterious effects of the stress on the excitatory receptors. Although the levels of extracellular adenosine in the postischemic period have not been measured, the levels of total phosphorylated adenylate compounds in the hip pocampus decrease by 22% (Blomqvist et aI., 1985) . The density of adenosine receptors was found to be higher in the dorsal portion of the hippocampus in comparison with the ventral portion (Lee et aI., 1983) , and could explain the higher density of neu ronal necrosis in the CAl and subiculum of the dorsal when compared with the ventral hippo campus.
The presented model simulates the clinical epi sode of cardiopulmonary arrest, which is a frequent critical care emergency, and may be employed for further studies of the pathophysiology of brain damage following cardiac arrest.
